The rate of 3H-RNA synthesis is increased in macrophages cultured from mice with severe, and often fatal, infestation with the intestinal flagellate Hexamita muris. The response of the cultured macrophages to foreign antigen is also impaired at such times. The macrophages behave normally when the flagellate is present as a commensal.
Hexamita muris is a common parasite in the gut of mice and rats (Heston, 1941) . There is evidence that heavy infestation by this flagellate will cause illness and death in some strains (Lussier & Loew, 1970; Meshorer, 1969; Sebesteny, 1969) .
We have found an alteration with RNA metabolism of mouse macrophages in vitro coincides with heavy Hexamita infestation of the donor mice. This association was confirmed by experiments in which minimal-disease (specifiedflagellate-free) mice were intentionally infected with the parasite. These findings have a bearing on the immunological role of the macrophages and the pathological role of Hexamita.
MATERIALS AND METHODS

Mice
Females of the Simpson Jcrf (Conventional) and C57BL/Icrf (Conventional and specified-pathogen-free) were used.
M acrophages
These were collected from the peritoneal cavity and maintained for 3 days in culture, either in the presence or absence of calf serum.
The rate of 3H-RNA synthesis and of 3H-RNA release into the medium was measured after exposure of the cultures to 3H-uridine for 40 min. Details of these methods are given by Keast & Birnie (1969) . The radioactivity within samples was determined either by gas flow counting or liquid scintillation techniques to within a standard deviation of 1 %.
Identification of Hexamita muris
The contents of the duodenum or Jejunum were washed out with physiological saline and the wet preparation examined by light microscopy. Some preparations were allowed to dry, fixed with methanol, and stained by Giemsa's method.
Histological examination of tissues
The pancreas and transverse sections of the duodenum and upper jejunum were taken from the freshly formalin-fixed organs, dehydrated, blocked in paraffin wax and cut at about 5 !lm. Sections were stained with Ehrlich's haematoxylin and eosin.
RESULTS
Effect of spontaneous infestation on macrophage behaviour
The rate of 3H-RNA synthesis, in the absence of calf serum in the culture medium, was constant in macrophages harvested from conventional Simpson mice during 1968, but began to increase in February 1969, and in these cultures 3H-RNA began to be released into the medium (Fig. 1) . Up to this time the macrophages had responded, by increased 3H-RNA synthesis, to the presence of calf serum in the culture medium (Keast & Birnie, 1969) , but this ability was now lost. This apparent alteration in RNA metabolism was accompanied by a high rate of mortality in the mouse colony which postmortem examinations showed to be severly infected with Hexamita.
Treatment with dimetridazole ('Emtryl Soluble'; May & Baker Ltd, Dagenham, RMIO 7XS) reduced infestation, and the rate of mortality and the rate of 3H-RNA synthesis in the macrophages subsequently returned to normal ( Fig.  1) , as did the ability to respond to calf serum. 
Effect of experimental infestation
Conventional mice of the C57BL{Icrf are highly susceptible to Hexamita muris at the time of weaning (Sebesteny, 1969) , when 20-30% of them die. This high mortality can be prevented by substituting a 0.1 % aqueous solution of dimetridazole for their drinking water at this time. A group of weanling C57BL/lcrf mice free of flagellates from our minimaldisease colony was given a saline suspension of live Hexamita by stomach tube and put with an untreated control group into a conventional animal room.
The control group did not become infected during the course of the next ] 8 days, during which time macrophages were harvested and cultured from both groups.
There was a 2-fold transient increase in the rate of 3H-RNA synthesis in the control group during the first 2 days in their new environment, but no detectable change in the rate of 3H-RNA release. There was a much greater increase in rate of synthesis in the infected mice and a similar increase in 3H-RNA release during the first 2 days, but these increases were reversed as the infestation increased, and the rates were subnormal at the end of the experiment when the animals were so heavily infested that they were dying ..
These results are summarised in Fig. 2 . 
Response of macrophages to foreign antigen
One of the characteristics of cultured mouse macrophages is their response by increased 3H-RNA synthesis to the presence of calf serum (Keast & Birnie, 1969) . The studies summarized in Fig. 3 showed that macrophages from flagellate-free C57BL mice responded normally (Fig. 3C) to the presence of calf serum, as did those from conventional Simpson mice in which the flagellates were acting as commensals (Fig. 3A) . Failure to respond to calf serum was shown in the cells from C57BL mice when the infestation was heavy and often fatal (Fig. 3B) . 
Other macrophage studies
When tested by tissue culture and animal inoculation the cultures were shown to be free from such RNA viruses as the reo-viruses, the mouse hepatitis viruses, and lactic dehydrogenase virus. Little DNA synthesis was detected in the macrophages so DNA virus replication and/or bacterial replication was unlikely.
Furthermore Hexamita muris were not seen either in cultured cells or in the culture medium.
Pathological changes
The histopathological changes associated with the presence of Hexamita muds in the gut varied in severity.
In some cases the parasites were abundant and present in the crypts, apparently adherent to the epithelium.
There was an Increase in the number of polymorphonuclear leucocytes in the lamina propria and in the interstitial tissue of the submucosa.
Rarely there were microabscesses or pseudocysts containing macrophages and cell debris.
In other cases the parasites were less abundant and there was no gross abnormality of the intestinal epithelium or interstitial tissue. No hyaline material was observed so no specific stains were done for amyloid.
Apart from oedema, the pancreas in infected animals showed no gross histological changes. DISCUSSION Lussier & Loew (1970) , Meshorer (1969) and Sebesteny (1969) have shown that characteristic lesions of the gut accompanied a fatal flagellate infection by Hexamita muris in mice, and samples taken during the course of our studies confirm their observations. There was no evidence for parallel bacterial infections of the tissues of the dying animals, and the pathology is compatible with toxaemia.
We think that an accumulation of toxic products specifically associated with the flagellates is the cause of death.
These also cause the cultured macrophages from these mice to differ from normal both in their basal rate of 3H-RNA synthesis and also in their response to calf serum.
These metabolic changes occur in macrophages several days before the mice die. Fig. 2 illustrates that metabolic changes occur rapidly in the fully susceptible strain of mice (C57BL), but in the Simpson strain of mice-where the flagellate population is for the most part tolerated-there are only occasional overwhelming episodes (Fig. 1) . Fishman & Adler (1967) have proposed that an RNA or RNA-antigen complex has to be produced by macrophages to initiate a specific immune response by lymphocytes.
Our results show that during a fatal flagellate infestation the macrophages lose the ability to synthesize 3H-RNA in culture and to respond by 3H-RNA synthesis to antigenic stimuli (calf serum). At this time increasing numbers of animals die, presumably from toxaemia. This may be a reflection of the inability of their macrophages to initiate an immune response to the flagellates.
